As cloud systems development is moving further, more and more web-based and mobile applications are developed using cloud technologies. These technologies provide elasticity and flexibility of the resources for cloud-enabled applications. Cloud computing provides datacenter computing power and storage. E-Learning and M-Learning tools can benefit from cloud technology expansion and can be easily developed as cloud-enabled applications. Cloud-enabled M-learning applications have the advantage of resource elasticity and will eliminate the device resource limitations. National Institute of Standards and Technology (NIST) [1] defines cloud computing as a computing model which offers network access to a configurable resource pool, the access being location transparent, convenient and on-demand. These resource pools consist of networks, servers, storage, applications and services which can be used by the end user with a minimum management effort and interaction with the cloud provider. Same report [1] identifies three models for services delivery in cloud computing: Software as a Service (SaaS), Platform as a Service (PaaS) and Infrastructure as a Service (IaaS). As [2] 
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As cloud systems development is moving further, more and more web-based and mobile applications are developed using cloud technologies. These technologies provide elasticity and flexibility of the resources for cloud-enabled applications. Cloud computing provides datacenter computing power and storage. E-Learning and M-Learning tools can benefit from cloud technology expansion and can be easily developed as cloud-enabled applications. Cloud-enabled M-learning applications have the advantage of resource elasticity and will eliminate the device resource limitations. National Institute of Standards and Technology (NIST) [1] defines cloud computing as a computing model which offers network access to a configurable resource pool, the access being location transparent, convenient and on-demand. These resource pools consist of networks, servers, storage, applications and services which can be used by the end user with a minimum management effort and interaction with the cloud provider. Same report [1] identifies three models for services delivery in cloud computing: Software as a Service (SaaS), Platform as a Service (PaaS) and Infrastructure as a Service (IaaS). As [2] extends the list of service model delivery in cloud computing, a Learning as a Service (LaaS) model could be considered for cloudenabled learning tools including cloud Elearning systems and cloud M-learning systems. According to [3] M-Learning is part of ubiquitous learning paradigm and has two dimensions: (a) physical space and timetables independency (pervasive) and (b) immediate access to resources due to its distributed nature. Consequently, M-Learning can be a powerful instrument for continuous learning process, as mobile technologies and infrastructures expands. This paper studies de feasibility and applicability of mobile cloud-based learning solutions, identifies the main requirements and proposes a development strategy of such systems. Accordingly, we designed an MLearning platform prototype and we conducted an experiment within the students of Business Information Systems department in order to evaluate the end-user experience, utility and satisfaction, identifying the main requirements and challenges based on the users' feedback, work presented in [4] . Furthermore we conducted a statistical analysis regarding the four different evaluated issues: Overall M-Learning experience in relation with Content presentation, Graphical User Interface interaction and Interactivity, defining a metric to quantify the effectiveness of the prototype from the end-users' point of view. This paper represents an extended version of [4] and it is structured as follows: section 2 presents some relevant approaches from the existing literature, section 3 details the specific methodology used for development and evaluation of the prototype while section 4 presents the data analysis that was conducted, followed by section 5 where the overall experience metric is built, ending with conclusions and future development.
Related Work
Social and technological context determined a reconsideration of the solutions regarding learning process and tools. The technological changes in the mobile and wireless industry have brought new and modern learning methods based on real-world scenarios. Students are now using mobile devices in their learning process as a better alternative to traditional studying which implies a limited access to information without being limited by time and space constraints. A more approachable learning alternative involves using technology and well-designed learning methods which ensure a significant change in the students' learning achievements [5] . Hwang and Chang [5] present a detailed study about m-learning strategies by applying a formative assessment-based learning guiding mechanism as a modern learning alternative. The study involved two learning groups who had the same amount of time to complete the learning tasks. The first group used the assessment-based learning approach and is referred as the FAML (Formative Assessment-based Mobile Learning) group while the second group was conducting a conventional m-learning method. Even though both groups used mobile devices in their learning process, the study showed a major difference in the way students interacted with the learning system. The FAML technique encouraged answer discovery by offering hints and seemed to be a better learning strategy as it provided a more challenging and motivating learning environment. The study helps in developing new learning scenarios that combine both real-world and digital-world resources. Experiments have proven that personalization of the e-learning process increases the users' learning outcome. Modern learning systems are increasingly designed as serious games [6] or educational games which are a powerful instrument for learning complex issues. Moreover, [7] examines the foundations of these games and proposes a design methodology for them, while [8] demonstrates that educational games create an increased level of motivation in a competitive and collaborative environment setup like learning networks. Chu et. al. [9] present a mobile learning system that uses Radio Frequency Identification (RFID) technology which helps in examining real-world learning behaviours in specific situations. This innovative method shows that elementary school students were highly receptive to this mobile learning system and their learning motivation has increased by using the system. The developed system known as the T3G supports u-learning activities and was highly appreciated by the students who showed a willingness to share their experience with other classmates. A questionnaire survey was conducted in order to discover new learning scenarios using the T3G approach. Hulme et. al. [10] consider that the European perspective is not only interested in the general connection between formal and informal learning but it is also characterized by pedagogical aspects that can improve the learners participation and can help in developing theoretical perspectives on mobile learning. [10] . Goh [3] provides a comprehensive view of the M-Learning field in relation with ubiquitous learning paradigm among e-learning and virtual learning tools. It consists of a theoretical overview of the domain, design and integration methodologies, innovative tools and cases. Ubiquitous learning known as Ulearning is a learning activity in which participants become immersed in the learning activity and is developed by providing an interoperable architecture where students can share learning resources among the community [11] . M-Learning takes into consideration serious games and collaborative learning tools, [12] identifying some fundamental requirements for designing and implementation of distributed and self-adaptive mobile systems for fitting the trainee's needs. Motiwalla [13] proposes a development framework for pervasive and distance learning, extending elearning to mobile learning. The importance and adoption of mobile technologies have been studied using application prototypes and collecting the feedback from them. A similar approach is presented in [14] by studying the acceptance of M-Learning system using the feedback provided by the students while identifying several factors with positive influence on trainees. In order to evaluate the u-learning effectiveness the authors of [11] conducted a survey on 32 fifth grade students in Taiwan and the evaluation results were presented in three sections: the Macro view, the Micro view and U-learning refinement. Evaluation criteria at the Macro level was represented by five dimensions: Active, Cooperative, Authentic, Constructive, Personalized. Results show that only "authentic" was satisfactory while "active", "constructive", and "personalized" were ordinary, and "cooperative" was unsatisfactory. At the Micro level aspects such as context awareness, personalization service, situation of instructional activity, initiative of knowledge acquisition, constructivist learning, urgency of learning need, adaptive learning, interactivity of learning process, selfregulated learning, and learning community were considered relevant. A set of inefficient criteria such as learning community, selfregulated learning, and interactivity of learning process was discovered. When measuring performance, users need to include aspects defined in ISO/IEC 9126 such as functionality, reliability, usability, efficiency, maintainability, portability and quality in use as Ruti Gafni [15] developed a set of quality metrics which are currently extending the ISO/IEC 9126 quality standard for mobile-wireless information systems and are known as the "Display load" metric and "Memory cleanup" metric tested in two different experiments. The study concludes that these metrics are very useful when comparing two different systems and when a decision has to be taken regarding the best alternative.
Methodology
As stated previously in [4] the research process was conducted in four phases: development of m-learning system prototype, evaluation of the student's learning experience, collecting the feedback data using a survey and direct observation and analysis of collected data.
M-Learning Prototyping
Virtual learning field of knowledge is interdisciplinary being a mix of pedagogical knowledge and technical information systems knowledge. The design of such systems must model and implement the principles of pedagogical content delivery in form of software systems as tools for learning specific domains. Building M-Learning systems which has to enable high quality learning experience for the trainees requires a design strategy which must be adequate from the DOI: 10.12948/issn14531305/17.2.2013.03 software engineering point of view as it must not contradict the design principles and knowledge of educational instruments and programs development. A convergence point between the two knowledge fields of software engineering and educational projects design must be found. Accordingly, [16] proposes an iterative design process of such educational programs, as Figure 1 depicts.
The development process of the educational projects depicted in Figure 1 is a four phases cycle which is very similar to software prototyping phases depicted in Figure 2 [17]: (1) educational needs assessment phase refers to identifying the capabilities and knowledge that should be thought; the phase outcome represents the pedagogical foundation and guidelines for the software prototype general requirements and objectives; E.g. pedagogical need: easy to understand content / software requirement: user friendly, easy to read content delivery. (2) design of educational program asses the teaching process -how to deliver the educational content and it provides the functional requirements and usage workflow of the prototype; E.g. pedagogical design: interactive workshop and assignments / prototype design: interactive content delivery and interactive serious games for skill development (3) implementation of educational program represents the methodology for delivering the designed educational program and provides the detailed software prototype model for delivering educational content; E.g. pedagogical implementation: trainees attend to presentations and then they are provided with practical educational activities / software implementation: user selects a lesson for study and then they have to complete a puzzle game practice for the previous lesson; (4) evaluation phase refers to feedback assessment and continuous improvement of the education process, similar to prototyping, where users feedback and raised issues are gathered in order to further improve and develop the prototype -the evaluation outcome may provide further requirements for the future prototype. Our prototype was implemented using Microsoft's ASP.NET MVC 4 framework for Mobile Development and was deployed on a virtualized infrastructure using IIS 7 web server and Windows Server operating system. As database server for data storage we use Microsoft SQL Server 2008 Express. 
Prototype Evaluation
The first evaluation of the prototype was conducted among 57 second year students from business information systems, enrolled to computer programming course. The experiment was assisted by a member of the research team and was ran as follows: first the subjects were told to access the platform from their mobile devices, study the content topics and play practice games in order to get familiar with the learning environment for 15 minutes. While they were using the MLearning platform their actions and navigation times where recorded in the system as logs for further analysis. After they interacted with the M-Learning environment the students were asked to fill a survey in order to evaluate the applicability, utility and user experience of the M-Learning process. During the learning process direct observations were gathered too. Evaluation process aimed to determine the users' feedback regarding the system, users' expectancies related to the educational content, requirements of the future prototypes, infrastructure requirements and possible improvements of the prototype. The survey was formed from 20 questions which evaluated 4 main aspects: 1. infrastructure requirements and availability depicted in Table 1 ; 2. users' expectancies regarding the informational content to be provided - Table  2 ; 3. users' expectancies and beliefs in terms of utility and usability - Table 3 ; 4. user experience in terms of interactivity accessibility and usability of the application depicted and analysed on next sections (4 questions using scales); The overall experience, interactivity, content presentation and user interface was evaluated using 1 to 10 scales. The remaining 2 question where used to include users into the sample and are not relevant for the study.
The survey was applied to 57 students and data was analysed using IBM SPSS 16.0. Next we will concentrate on data analysis especially on the four data distributions which evaluates the M-learning experience, calculating the reliability and correlations between them in order to build a metric for expressing the overall M-Learning experience provided by the prototype.
Data Analysis
The data analysis of the collected data follows the four issues evaluated in the applied DOI: 10.12948/issn14531305/17.2.2013.03 survey and the most significant findings are summarized in Table 4 . [4] , that webbased approach is the best approach for this type of system because it can be accessed not only from mobile devices, but from the desktops and laptops too. Regarding the acceptance level of mobile software alternatives, users seems to be reserved when comes to installing applications on their mobile phones: 50% of users feel unsecure when installing applications on their devices or they cannot give an answer, while 50% are more opened for installing mobile applications. When asked if they would like to have access to their grades trough a mobile application, 37% responded positively and 60% of the users considered it as an excellent idea. Furthermore, 63% of them agreed that having access to educational resources would definitely be a benefit. An interesting finding is that 80% of the students are uncertain about how M-Learning solutions will bring benefits to their educational activity, explained by the novelty of the field and lack of such systems. Regarding the informational content, 84% of the respondents would like to have both courses and laboratories available to their mobile devices. c. User experience represents the corner stone of our study and it is evaluated using a 1 to 10 scale base in terms of overall experience appreciation, GUI usability, interactivity and content accessibility. Figures 1-4 presents the distribution of the four evaluated issues of our M-Learning prototype regarding Overall M-Learning experience (Figure 3 ), graphical interface (Figure 4) , content presentation evaluation ( Figure 5 ) and interactivity ( Figure 6 ). All four issues were evaluated within the survey using 1 to 10 scales. The trainees were asked to appreciate the forth issues on a scale from 1 to 10, 1 meaning very unattractive and 10 meaning very attractive. Table 5 depicts the statistical evaluation approach of the four issues. We observe that for every evaluated issue we have an average between 8.1 and 8.3, leading to the conclusion of high quality M-Learning user experience. The Skewness is negative for all four variables meaning that all values tend to be concentrated to the higher values of the scale.
Because we deal with user experience evaluation which is a psychometric evaluation, we need to test the internal consistency (reliability) of the analyzed scale distributions. We ran the Cronbach-Alpha test and we obtained a Cronbach Alpha value of 0.908 which is greater than 0.9, meaning that reliability level is excellent. Next we explored the correlations between overall experience and other three distributions: content presentation, interactivity and GUI interaction. Previously we tested our distribution for normality, uniformity, and other particular distributions and we cannot assume that they follow a normal distribution and as consequence non-parametric correlation tests are suitable for our case. We computed the Spearman and Kendall tau-b correlations ranks, the results being depicted in Table 6 . We observe that we have significant These correlations can be further studied in order to build quality metrics for M-Learning experience. In the next section we will try to build a metric for expressing Overall experience as a metric function depending on GUI Interface, Content Presentation and Interactivity, building a metric model in a functional form y=f(X) where X is the factor matrix [18] .
M-Learning Experience Evaluation Metric
In this section we propose a metric for expressing the overall M-learning experience using the other tree correlated factors: GUI Interface, Content Presentation and Interactivity. Building the evaluation metric will reveal not only a mathematical expression of how the overall experience varies depending on the other variables but it will give us an insight of the importance of each factor in the final objective function -the Overall User's Experience. First we will study how each factor variation influences the overall experience value by exploring the curve type that models the evolution of overall experience when each factor varies. We use Curve Estimation procedure to figure out which model is the best for expressing each variation in the objective metric. Figures 7, 8 and 9 depict curve estimations for each factor considering linear, logarithmic and exponential models. Tables 7, 8 and 9 depict curve estimation summary for each factor variation within overall experience distribution. In all cases de p-value is very small and is less than 0.05, concluding that all tested models can reliable predict the overall experience in relation with dependent variables. F is the Mean Square Regression divided by Mean Square Residual and R Square represents the variance proportion in the dependent variable -Overall Experience which can be predicted from the independent variables -GUI, Content presentation and Interactivity [19] . For e.g. in Table  9 , if we consider the linear regression, a percent of 53.1% of the variance can be predicted from the Content Presentation variable. This measure is indicating the strength of association between dependent and independent variables. Considering the p-values, we observe that there is no significant difference between the three tested models and the simpler model has priority. We choose linear regression model to build our metric for predicting the Overall Expression Index depending on Content presentation, Interactivity and graphical user interface evaluation. We build the metric as a linear functional dependence. Let E be the Overall Experience, g -graphical user interface, c -content presentation and i -interactivity. We need a model in form of (1) with w 1 , w 2 , w 3 representing the coefficients of importance for each dependent variable and r the residual value.
(1) Table 9 depicts the linear regression computation output of E. Column B shows the values of w in the equation metric (1) . The next columns provides the standard errors and Beta which represents the standardized coefficients of the regression model if all the variables where standardized. T and p-value columns are used to test whether the coefficients are significantly different from 0. The p-value is compared with α = 0.05 and for p-values < 0.05 the coefficients are significantly different from 0. In our case we observe that: a. The constant r has the p-value greater than 0.05 which means that it is not significantly different than 0; b. The GUI interface coefficient-w 1 has the p-value greater than 0.05 which means that it is not significantly different from 0; c. The Content presentation coefficient-w 2 has the p-value of 0.03 < 0.05, w 2 being significantly different from 0; d. The interactivity coefficient -w 3 has the p-value of 0.005 < 0.05, w 3 being significantly different from 0; At a confidence interval of 95% the last column from Table 9 depicts the variation interval for each coefficient. The items that are significantly different from 0 do not contain 0 values in the coefficient variation intervals. Let S be the definition of an evaluation scale:
Our metric for expressing Overall Experience depending on GUI, Content and Interactivity evaluation would be expressed by equation (2): (2) Having the Interactivity variable, Content variable and GUI variable evaluated on the same scale the comparability condition between independent variables is achieved. According to our model expressed in (2) we can conclude that the interactivity in our MLearning system prototype is the most important feature for achieving a higher positive overall user experience, followed by content presentation and graphical user interface design. The fact that the graphical user interface component has less importance and is not significantly different from 0 in the model, can be explained by the high correlation between content presentation (correlation of 0.614 with GUI) respectively interactivity (correlation of 0.6 with GUI) and graphical user interface design. A highly interactive and effective content presentation will give higher evaluations for graphical user interface.
Model usage: Applied to our M-Learning prototype based on collected, the calculated metric for overall experience will be: Average Interactivity Evaluation: 8. Calculating de metric E using Average Interactivity, Content Presentation and GUI evaluations we obtained in (3) an average of 8.12 overall experience evaluation, value obtained in the collected data too (see Fig. 1 ).
Conclusions
M-Learning is an extension of E-learning and it represents a complementary tool for virtual learning process. Consequently, M-Learning can be a powerful instrument for continuous learning process, as mobile cloud based technologies and infrastructures expand. Choosing cloud computing as underlying technical layer for M-Learning can provide availability and elasticity of the resources delivered as a Learning as a Service model. M-Learning has the advantage of pervasive computing and mobility but is constrained to device resources and less informational content delivery. The limitation of the device hardware resources can be eliminated by deploying such applications in cloud, while the limited displays are requiring special treatment from the content presentation and interactivity point of DOI: 10.12948/issn14531305/17.2.2013.03 view. Virtual learning instruments have to implement pedagogical principles for training process and follow the technological constraints. Development of M-Learning tools needs special strategies which must follow the pedagogical principles and resolve the technical aspects too. We identified a convergence point between the software engineering knowledge field and educational programs design knowledge field in form of a prototyping strategy for designing and development of M-Learning tools. A special attention requires the evaluation phase of the prototype from the user learning experience point of view. We proposed a regression based metric for evaluating the overall learning experience depending on interactivity, content presentation and graphical user interface. The model expresses the overall experience in a functional form using scale based evaluations of interactivity, content presentation and graphical user interface usability. Moreover, it provides an overview of the importance of each factor in the resulting metric: interactivity has the highest influence for the overall learning experience (47%), followed by content presentation component (35,9%) and graphical user interface(11,2%). The rest of 5.9% represents other factors not included in the metric model. The model was constructed using statistical analysis of the data gathered from students who interacted with the proposed M-learning prototype and completed the evaluation survey of the prototype.
Future Development
Future prototype development will overcome some limitations observed during the evaluation process like scrolling problem which affects the user experience, reengineering a modular design of the framework, addressing some cross-browser and cross-device issues and integration with E-Learning systems (e.g. Moodle). The model can be further validated and improved for future prototypes. Some special metrics for expressing cloud resource usage, needs and security might be useful to be developed.
